Conventional approaches for the prevention and control of communicable diseases within Indigenous contexts may benefit from new insights arising from the growing interest in syndemics. Syndemics is a term used to describe a conceptual framework for understanding diseases or health conditions, and how these are exacerbated by the social, economic, environmental and political milieu in which a population is immersed. The use of conventional approaches for outbreak prevention and control remains the bedrock of intervention in the field of communicable diseases; yet on their own, these strategies are not always successful, especially within contexts of marginalization and disadvantage. A broader approach is needed; one that examines the systemic factors involved, understands how various policies and systems support or hinder effective responses and identifies the structural changes needed to create more supportive environments and increase the resilience of the population. In an Indigenous context, whether the focus is on hepatitis C, tuberculosis, HIV or water-borne diseases, it is important to recognize that a) social determinants contribute to the emergence and persistence of outbreaks, b) conventional approaches to communicable disease control are necessary but not sufficient, and c) using a "syndemics lens" can leverage action at multiple levels to tackle the root causes of poor health and inform more effective strategies for improving Indigenous health and reducing health inequities.
Introduction
There is a growing consensus in Canada that we need to improve the state of Indigenous health. It is well-known that, on average, Indigenous persons have a shorter life expectancy and shoulder a greater burden of chronic diseases. Communicable diseases also disproportionately affect Indigenous Canadians; for instance, the Indigenous population accounts for about 4.3% of Canada's total population but 17% of the tuberculosis burden, and newly-diagnosed infections among the Inuit are 270 times more likely than among Canadian-born non-Indigenous persons (1) . Several factors are believed to contribute to this discrepancy, including historical factors, overcrowded living conditions and health system-related challenges. As well, the concurrence of health conditions such as HIV, diabetes and substance use increases the likelihood that latent tuberculosis infection will progress to active disease (2) .
Recently, there has been a growing interest in the concept of syndemics within the global public health community. Syndemics is a term used to describe a conceptual framework for understanding diseases or health conditions, and how these are exacerbated by the social, economic, environmental and political milieu in which a population is immersed. This notion describes how co-existing health conditions can negatively reinforce each other and lead to worsening outcomes and greater vulnerability within the context of marginalization and disadvantage (3) . Rethinking current strategies for communicable disease prevention and control in an Indigenous context would certainly benefit from a "syndemics lens" to guide responses that go beyond conventional approaches (i.e., vaccination and contact tracing), to include policies and programs that address the underlying and often structural root causes.
The concept of syndemics is closely linked to health equity and social determinants of health (4) . The World Health Organization defines social determinants as "the conditions in which people are born, grow, work, live, and age, and the wider set of forces and systems shaping the conditions of daily life" (5), such as economic policies, social norms and political systems. Those living in conditions of disadvantage are often more exposed to and less able to protect themselves from external threats to health and therefore suffer worse health outcomes. For example, a multi-cohort study and meta-analysis published recently in The Lancet followed over 1.7 million patients for an average of 13 years and found that participants aged 40-85 years with a lower socio-economic status had approximately 40% higher premature mortality and died on average two years earlier than those with a higher socio-economic status (6) .
Social determinants of health include wide-ranging factors such as income, social support, early childhood development, education, employment, housing and gender (7) . In an Indigenous context, extending beyond these social explanatory factors, there are even more deeply-embedded factors such as the history of colonization, jurisdictional ambiguity, structural racism, intergenerational trauma and even the right to land ownership and enfranchisement, all of which can exert an important influence on population health, often in insidious ways (8) . Indeed, there exist many frameworks that attempt to explain what social determinants are, how these factors interact and impact health, as well as ways to take action to reduce health inequities (9) . In relation to Indigenous health, one of the most commonly used frameworks is the First Nations Holistic Policy and Planning Model developed by the Assembly of First Nations (10) . This model highlights the importance of self-government and cultural continuity described by Chandler and Lalonde as underpinning determinants of resilience and well-being (11) . A strong community is at the core of good health, and relationships (within communities, between communities and with formal institutions) are emphasized as key to building social capital (12) . In this model, the holistic influence of the Medicine Wheel is prominent (i.e., focus on physical, mental, emotional and spiritual health), as well as the consideration of health across the entire lifespan (i.e., children, youth, adults and Elders).
While intuitively one might recognize that broader factors are at play, concretely there is the question of how can this new syndemics lens translate into a reduction in communicable disease morbidity and mortality? The purpose of this article is to explore how applying a syndemics lens can be useful in advancing infectious disease prevention and control among Indigenous populations in Canada.
Analysis
The case for the usefulness of a syndemics lens in strengthening infectious disease prevention and control in Indigenous contexts rests on three basic assertions: Social determinants of health are important contributors to the emergence and persistence of outbreaks; a number of infectious disease threats will not be optimally controlled unless social determinants of health are addressed; and using a syndemics lens can help inform novel approaches in clinical care, population health and public policy that can promote Indigenous health and reduce inequities.
Social determinants contribute to outbreaks
It is increasingly recognized that "poverty, overcrowding, population displacement, weak health systems, inadequate access to safe water and sanitation and the health status of specific populations are all contributing factors to epidemics and emerging disease outbreaks" (13) . Those who live in degraded physical and social environments are at greater risk of contracting, propagating and even dying from communicable diseases (14) .
This also holds true for Indigenous populations where it has been shown that "living in a house in need of major repairs, having less than high school education, being unemployed… experiencing food insecurity in the previous 12 months… and having no one to turn to for support in a time of need" are associated with negative health outcomes (15) . It is well-documented that the living conditions of many Indigenous Canadians are considerably more precarious than their non-Indigenous counterparts. In 2011, "28% of on-reserve First Nations people and 30% of Inuit in Canada lived in crowded homes" as compared with 4% of non-Indigenous Canadians (16) .
Similarly, among Indigenous adults aged 25 to 64 years, "28.9% had no certificate, diploma or degree" while the proportion for non-Indigenous adults was 12.1% (17) . Off-reserve, "approximately one in five (20.9%) [Indigenous] households was food insecure, including 8.4% with severe food insecurity", which is three times higher than non-Indigenous households where 7.2% were food insecure, including 2.5% with severe food insecurity (18) .
There is a clear correlation between these living conditions and the higher rates of communicable diseases such as tuberculosis, community-acquired methicillin-resistant Staphylococcus aureus (MRSA) and sexually transmitted and blood-borne infections (STBBI) among Indigenous Canadians as compared with non-Indigenous Canadians (19) . Indeed, there is a large body of literature linking higher rates of HIV among Indigenous populations to factors such as violence, stigma and discrimination, coupled with mistrust of the health system, "which contributes to poor HIV and health outcomes among Indigenous peoples" (19) . An example of this is the recent outbreak of HIV among Indigenous peoples in Saskatchewan, with incidence rates 11 times the national average (20) . Developing effective responses and models of care requires multi-faceted approaches to address the various aspects involved (21); such as considering the context of traumatic life experiences (22) , including sexual abuse (23), as well as managing comorbidities including other sexually-transmitted infections such as chlamydia, which is "estimated to be almost seven times higher among First Nations adults than the rate of the overall population" (24) . It is possible to create culturally adapted approaches to address HIV outbreaks in Indigenous populations whereby 90% of people living with HIV know their status, are treated and achieve viral suppression. According to one Chief "Communication and confidentiality are key" (25) .
Yet a recent report entitled First Peoples, Second Class Treatment describes the structural barriers that many Indigenous peoples continue to struggle with on a daily basis in obtaining access to quality care (26) . Other structural barriers exist for a range of basic needs such as access to food, quality housing and clean water. The chronic challenge in accessing clean water on reserves, and the media attention this has received (27) , led some people to use alternate unsafe water sources, resulting in water-borne illnesses (28) . This complex situation of multiple co-existing epidemics represents a true syndemic, where the "compounding effects of multiple points of social disadvantage yield increasingly negative life outcomes" (15) . In addition to vertical programs (i.e., single-disease approaches to communicable disease prevention and control), addressing the interconnected web of health and social challenges would benefit from greater emphasis on "person-centred" and systems-based approaches.
Conventional approaches are necessary but not sufficient
There is no question that conventional approaches to outbreak response (e.g., contact tracing and treating infectious cases) and promotion of preventive practices (e.g., hand hygiene, vaccination and safer sexual practices) are still the bedrock of communicable disease prevention and control measures (29) . Yet, to make an impact on reducing disease incidence and mortality, additional tools are needed to better understand and act, not only on health system factors, but also on the wider social, economic and political systems in place (30) . It has long been recognized that "working and networking diligently with colleagues and appropriately communicating ideas and information across jurisdictional lines and between scientific disciplines are key to the success" of outbreak prevention and response (29) .
With the rise in international travel and the interconnectedness of our global society, broader approaches that consider geopolitical concerns and shifting policy agendas are increasingly important for ensuring national and global health security (31) . It has been argued that, in spite of the 2005 revision of the International Health Regulations, preventing public health emergencies of international concern (such as Ebola and Zika) will require stronger investment in health systems, particularly in low-and middle-income countries (32) . The rise of antimicrobial resistance has become a United Nations (UN) priority in recent months, emphasizing the need for a unified and global approach to reducing communicable disease threats to health (33) . Increasingly, it is clear that prevention cannot simply be transferred to the individual, with messages such as "wash your hands", "wear condoms" and "don't share needles", since individual behavioural change is only one piece of a much larger puzzle.
Indeed, missed opportunities for prevention and inequitable access to care have been identified as major factors in explaining health system inefficiencies (34), and ultimately poorer health outcomes. Health care system leaders are increasingly recognizing the need for a social determinants and population health approach not only for improving health, but also in balancing budgets, by "reducing healthcare demand and contributing to health system sustainability" (35) . The health sector can play an important leadership role in addressing health inequities by making action on social determinants a health sector priority, and by integrating disparities reduction into policies, health programs and services (36).
In the realm of Indigenous health, the calls to action of the Truth and Reconciliation Commission (TRC) can serve as an important starting point and driver for making this happen (37) . The TRC proposes to "fully adopt and implement the United Nations Declaration on the Rights of Indigenous Peoples as the framework for reconciliation," which states that "Indigenous peoples are equal to all other peoples… while recognizing the right of all peoples to be different, to consider themselves different, and to be respected as such" (38) . Both the TRC calls to action and the UN declaration highlight the need to promote greater Indigenous self-determination, child welfare, economic development, justice, culture, language and education, which are all important social determinants of health. In particular, the TRC calls for action to "identify and close the gaps in health outcomes between Aboriginal and non-Aboriginal communities… including infant mortality, maternal health, suicide, mental health, addictions, life expectancy, birth rates, infant and child health issues, chronic diseases, illness and injury incidence, and the availability of appropriate health services." Since the role of the health sector is to improve health (not only to create health services) (39), action on social determinants falls squarely within this mandate. Moreover, the tools to achieve these goals are within reach when one adopts a syndemics lens.
A syndemics-informed approach can address the root causes
Effective strategies for addressing the social determinants of health have been developed in recent decades for frontline health workers in busy clinical settings (40) , for public health professionals working at a population level (41) and even for decision-makers at a public policy level (42) . The following analysis explores how some of these best practices can be applied to addressing syndemics, with the aim of improving overall health and reducing inequities among Indigenous populations.
Clinical best practices to address syndemics among Indigenous peoples
There are now well-articulated best practices for taking action on the social determinants of health in clinical practice; at a patient care level, at a practice level and at a community level ( Table 1) . These can be applied as useful complements to conventional strategies for preventing and managing communicable diseases in Indigenous populations. Consider participatory approaches that engage other clinicians in your practice to create a culture of reflection and a more "upstream approach"
Consider alternative models of care such as outreach, or using patient navigators to assist patients on their journey through the health and social systems At the community level Reach out to local leaders to discuss the health and social challenges that are common in the community Use clinical experience and research evidence to advocate for social change Get involved in community needs assessment and health planning Partner with community groups, public health and local leaders to advance collaborative initiatives that help address or attenuate the effects of health inequities For example, a nurse working in a remote Indigenous community may become aware that sexually-transmitted infections are very common in the local population, particularly among youth. She notes that few youth spontaneously come to the nursing station unless they have had an acute injury or other emergency requiring immediate care. The nurse, therefore, tries a different approach to develop a relationship of trust with the young people in the community by organizing a weekly "coffee house" and movie night. These become very popular and gradually young people open up about their concerns and the nurse is able to advise them on issues such as healthy relationships, family planning, alcohol and drug use and violence prevention. Over time, more young people visit the clinic to receive sexual health counselling and screening for infectious diseases, as well as treatment and referral for various health and social services. Once the nurse has a deeper understanding of the key challenges and dynamics in the local context, she starts to think about what could be done at the community level to create more supportive environments for health, and initiates a dialogue with the Youth Council leader, the school principal, Elders, natural helpers and other community members, and this leads to a Youth Health gathering to discuss the way forward for creating wider community-level change. Though there are no "one size fits all" solutions, health workers at the frontlines can be important catalysts for taking action on the social determinants of health at multiple levels.
Public health and policy approaches to syndemics in Indigenous populations
In addition to implementing the action areas of the Ottawa Charter for Health Promotion (43), building healthy public policies and creating supportive environments for health, more recent efforts to reduce health inequities have focused primarily on intersectoral action and a "health in all policies" (HiAP) approach. Intersectoral action involves the collaboration of multiple sectors, such as education, justice and employment in addressing complex challenges. The HiAP approach refers to the involvement and support of all levels of government with strong leadership at the highest levels (44) . Increasingly, there are examples of best practices, even within a communicable disease context, on how to create structural change through establishing policy goals, building capacity, fostering multi-level partnerships across sectors and holding leadership accountable for real change (45) .
A key element in intersectoral work and the HiAP approach is the engagement and meaningful involvement of those who will most be affected by the decisions being made. Whether at a population or a political level, ethical choices not only involve ensuring that the overall benefits outweigh the harms, and that the distribution of benefits and harms are fair (46) , but that there is a fair and transparent process for making such decisions (47) . The engagement of Indigenous peoples in decisions that affect their health requires an ongoing process to "create opportunities for community voice and action to affect social and structural conditions that are known to have wide-ranging health effects on communities" (48) . In every aspect of decision-making that impacts people's daily lives, Indigenous peoples should be involved in the decision-making process. According to the UN Declaration on the Rights of Indigenous Peoples: "Indigenous peoples have the right to participate in decision-making in matters which would affect their rights, through representatives chosen by themselves in accordance with their own procedures, as well as to maintain and develop their own Indigenous decision-making institutions" (38) . There is a saying, that even with the best intentions, there should be "Nothing about us without us." It is the involvement, empowerment and self-determination in shaping and defining solutions to complex problems that are in themselves important outcomes (i.e. a fair and transparent process is part of the solution).
Compared to the clinical arena, decisions made at the population and public policy levels are more complex and include a much larger number of players (49) . Particularly when dealing with areas of shared jurisdiction (which is very common when addressing issues relating to Indigenous health) (50) , it is important to have the many different partners working together towards a shared goal of better health and reduced inequities. There are limited examples in the published literature of such intersectoral action as it relates to improving the health of Indigenous Canadians (51), but it is starting, and needs to become part of the modus operandi before progress can be made in reducing inequities in Indigenous health.
In addition to formalized tri-partite structures (involving federal, provincial and Indigenous government representation; such as the BC First Nations Health Authority and the Manitoba Inter-Governmental Committee on First Nations Health) (52), which are increasingly being used, there are many ways to develop intersectoral and multi-institution partnerships to overcome areas of jurisdictional ambiguity. For instance, preventing water-borne communicable diseases on reserves is an important challenge, which requires the collaboration of many different individuals and organizations. Legislation governing access to clean water is not without its shortcomings (53) . The Walkerton crisis has taught us that even in non-Indigenous settings, breakdowns in water-monitoring and communication can lead to outbreaks of water-borne illness and even deaths, all of which are potentially avoidable. The Walkerton inquiry highlighted the importance of routine testing of water, logging of results and rapid communication of abnormal results with public health officials to ensure appropriate preventive action (e.g., drinking water advisories and ensuring adequate water treatment systems) (54) . This is part of a multi-barrier approach to protecting citizens from harm, which is also relevant to Indigenous settings (55) .
When developing mechanisms to protect Indigenous peoples from water-borne illness, it is important to have Indigenous and other partners at the same table (or on the same teleconference call) to sort out the details of how to make it work "on the This collaborative approach to working through these complexities can help ensure that there is no appearance of a "double standard" when it comes to how water quality is managed on-and off-reserve. If certain municipalities are granted exemptions (e.g., not required to ship the requisite number of water samples each month to the accredited laboratories due to remote location and transportation challenges), then there can be similar allowances for Indigenous communities with the same distance barriers; but the regulations should be applied in a similar manner, regardless of ethnicity and cultural background of inhabitants. If water processing plants need to meet certain accreditation standards or community-based water-monitors must possess specific training certifications recognized by regulation authorities, then these are all specific objectives that should be worked towards to ensure that all peoples are equally protected under the law. In this way, it will be possible to overcome the many structural and organizational barriers to population and policy-level change, including "limited time or resources, inflexible policies, insufficient managerial support and departmental silos" (56) . It may not be a quick fix, but moving forward together is likely to identify more effective and sustainable solutions to complex challenges and certainly a more inclusive and fair process. Indeed, there are examples from other jurisdictions of how Indigenous voices have been used in decision-making processes, and these examples can be used as further inspiration (57) .
With climate change ushering in a northward progression of communicable disease vectors, such as ticks carrying Lyme disease to Canada, traditional ways of knowing and the wisdom of Elders can be very helpful. There is an Indigenous saying: "We do not inherit the earth from our parents, but borrow it from our children." (58) This points to the wisdom of decision-making that considers the impact on future generations. We have a great deal to learn from Indigenous approaches to health and well-being, not only for our own health, but also for the health of animals, the land and fulfilling our custodial responsibility towards the well-being of our planet (59, 60) .
Conclusion
Conventional approaches to communicable disease prevention and control are no longer sufficient in addressing some of the serious infectious disease threats, both in Canada and around the world. While there is increasing interest within the medical and public health communities regarding the importance of a social determinants approach, the conversation on health inequity in Canada has only recently gained traction. We still have a lot to learn about how to assess these inequities and how to better work together, across departments and sectors, to find effective solutions for health and social challenges.
The Truth and Reconciliation Commission highlights the need for greater involvement of Indigenous peoples in creating their own systems, structures and futures. Using a syndemics lens and taking a social determinants approach can help to better appreciate and act on the root causes of poor health as a means of reducing susceptibility and increasing the resilience of all Canadians, including Canada's Indigenous peoples. As this is an emerging area of action, we need to report on and share best practices and success stories -whether at the clinical, population health or public policy levels -to advance our work together towards creating a healthier, more equitable and sustainable society.
